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(1932 ) es ist zweckm\"assig anzunehmen, $\gg$ Beyer
(1955 ) it is convenient to assume, ..






$A$ $\Rightarrow A$ (3)
































$H:=KqP$, $U_{t}:=e^{-iHt/\hslash}$ , $Kt/\hslash=1$ (9)
$[Q, P]=i\hslash$ $\alpha(Q)=Q+q$ (8)
$p$
$\alpha(p)=U^{\dagger}pU=p-P$ (10)
$U$ $q$ ( $q$















$A$ $[A, M]=0$ $p_{x}$
$p_{x},$ $M]=0$ $\alpha$
$[\alpha(p_{x}), \alpha(M)]=\alpha(\lceil p_{x}, M])=0$ (13)
$[x, p_{x}]=i\hslash$ (11) $\alpha(p_{x})=p_{x}$ $\alpha(M)=M+x$













( ) $A$ ( ) $M$
$ll$ $M$ $A$
:(i) $M$ $A$
$M$ $A$ (ii) $M$ $A$
$0$ $\Lambda l$ $A$















( ) $d$ , $\mathscr{M}$ $G$
$g\in G$ $d$ $\sigma_{g}$ : $arrow$ $\mathscr{M}$ $\tau_{g}$ : $\mathscr{M}arrow \mathscr{M}$
:
$\sigma_{91}0\sigma_{g_{2}}=\sigma_{g_{192}}$ , $\tau_{g_{1}}0\tau_{g_{2}}=\tau_{g_{1}g_{2}}$ , $g_{1},$ $g_{2}\in G$ . (19)
$\alpha$ : $\otimes \mathscr{M}arrow$
$d\otimes \mathscr{M}$ $\sigma_{g}\otimes\tau_{g},$ $\sigma_{g}\otimes$ id, id $\otimes\tau_{g}$
$\otimes \mathscr{M}arrow d\otimes \mathscr{M}$ $g\in G$
$\otimes \mathscr{M}$ $arrow^{\alpha}$ $d\otimes \mathscr{M}$
$\sigma_{9}\otimes\tau_{9\downarrow}$ $\downarrow\sigma_{9}\otimes\tau_{g}$ (20)
$\otimes \mathscr{M}$ $arrow^{\alpha}$ $\otimes \mathscr{M}$
$\alpha$ $G$ $G$ (total
conservation law)
: $J\in d,$ $K\in$ 1 $s\in \mathbb{R}$
$\sigma_{s}(A)=e^{iJs/\hslash}Ae^{-iJs/\hslash}$ , $\tau_{s}(M)=e^{iKs/\hslash}Me^{-iKs/\hslash}$ (21)
$\alpha_{t}(B)=e^{iHt/\hslash}Be^{-iHt/\hslash}$ $H$
$[H, (J+K)]=0$ (22)





$\otimes \mathscr{M}$ $arrow^{\alpha}$ $d\otimes \mathscr{M}$
$\sigma_{g}\otimes id\downarrow$ $\downarrow\sigma_{g}\otimes id$ (24)
$\otimes \mathscr{M}$ $arrow^{\alpha}$ $\otimes \mathscr{M}$
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$G$




$1\otimes M$ $arrow^{\alpha}$ $\alpha(1\otimes M)$




$M$ (covariant indicator) (17)






Hilbert $\mathscr{X}$ 2 $A,$ $B$
$A= \int\lambda E^{A}(d\lambda)$ , $B= \int\lambda E^{B}(d\lambda)$ (27)




$\psi$ $A$ $B$ (perfectly correlated in the
state $\psi$ ) $\psi$ $A$ $B$
$A$ $\triangle$ $B$ $\triangle$
$A\equiv\psi B$ (29)
$\equiv\psi$ (i) : $A\equiv\psi A$ , (ii) : $A\equiv\psi$
$B\Rightarrow B\equiv\psi A$ , (iii) : $A\equiv\psi B,$ $B\equiv\psi C\Rightarrow A\equiv {}_{\psi}C$
GNS (Gelfand-Naimark-Segal) [11]
$\psi\in \mathscr{X}$ (state) $\omega$ : $arrow \mathbb{C}$
$\omega(A):=\langle\psi|A|\psi\}$ , $A\in B(\mathscr{X})$ (30)
$B(\mathscr{X})$ $\mathscr{X}$ $\omega$
$A,$ $B$ $\mathscr{G}(A, B)$ GNS $\pi_{\omega}$
$\pi_{\omega}(A)=\pi_{\omega}(B)$ (31)
4
$A=(\begin{array}{llll}a_{11} a_{12} 0 0a_{21} a_{22} 0 00 0 a_{33} a_{34}0 0 a_{43} a_{44}\end{array})$ , $B=(\begin{array}{llll}b_{11} b_{12} 0 0b_{21} b_{22} 0 00 0 b_{33} b_{34}0 0 b_{43} b_{44}\end{array})$ , $\psi=(\begin{array}{l}c_{1}c_{2}00\end{array})$ (32)
$(c_{1}, c_{2}\neq 0)$ GNS $\mathscr{X}_{\omega}=\mathbb{C}^{2}$
$\pi_{\omega}(A)=(\begin{array}{ll}a_{11} a_{12}a_{21} a_{22}\end{array})$ , $\pi_{\omega}(B)=(\begin{array}{ll}b_{11} b_{12}b_{21} b_{22}\end{array})$ (33)
$\psi$ $\pi_{\omega}(A)=\pi_{\omega}(B)$ $A\neq B$
$\pi_{\omega}(A)=\pi_{\omega}(B)$
$A$ $\alpha(M)$
$A$ $\alpha(M)$ $\mathscr{G}(\subset d\otimes \mathscr{M})$ $\omega$ ,
$\rho$ $\nu=\omega\otimes\rho$ $\mathscr{G}$ GNS $\pi_{\nu}$ : $\mathscr{G}arrow B(\mathscr{X}_{l\ovalbox{\tt\small REJECT}})$
$\pi_{\nu}(A)=\pi_{\nu}(\alpha(M))$ (34)
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$(\alpha, A, M, \nu)$ $(G, \sigma, \tau)$ $A$
$\alpha(M)$ $A\equiv_{\nu}\alpha(M)$
$\sigma_{g}A\equiv_{\nu}\alpha(\tau_{g}M)$

















$A_{j}^{\dagger},$ $A_{j}(i=1, \cdots, n)$
$[A_{j}, A_{k}]=0$ , $[A_{j}^{\dagger}, A_{k}^{\dagger}]=0$ , $[A_{j}, A_{k}^{\dagger}]=\delta_{jk}$ (40)
$\theta\in \mathbb{R},$ $B\in$
$N:= \sum_{j=1}^{n}A_{j}^{\dagger}A_{j}$ , $\sigma_{\theta}(B):=e^{iN\theta}Be^{-iN\theta}$ , (41)
$\sigma_{\theta}(A_{j})=e^{-i\theta}A_{j}$ , $\sigma_{\theta}(A_{j}^{\dagger})=e^{i\theta}A_{j}^{\dagger}$ (42)
1
$U(1):=\{e^{i\theta}|\theta\in \mathbb{R}\}$ (43)
$\sigma$ : $e^{i\theta}\mapsto\sigma_{\theta}$ $U(1)$ $d$
$N$
$N$
$\alpha$ $\alpha(N)=N$ $A_{j}+A_{j}^{\dagger},$ $i(A_{j}-A_{j}^{\dagger})$













) (Feynman Nobel [13]).
12
$u$ (up), $d$ (down), $c$ (charm), $s$ (strange),
$t$ (top), $b$ (bottom) 6 uud, udd, ud
$SU(3)$
( Quantum Chromodynamics, QCD




































Anderson More is different [14] Micro-Macro duality [15]
order parameter
(





$\epsilon(A):=\sqrt{\langle(\alpha(M)-A)^{2}\rangle}$ , $\alpha(M):=e^{iHt/\hslash}Me^{-iHt/\hslash}$ (45)
$J$
$\sigma(J):=\sqrt{\langle(J-\{J\})^{2}\rangle}$. (46)
$\alpha$ $J=J_{1}+J_{2}$ : $\alpha(J)=J$ $($ $[H,$ $J]=0)$ .
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